Monolayers of cadmium arachidate (thickness 26.8 A) are deposited on Ag and Au substrates. They can be detected by the resonance excitation of surface plasmons (ATR method). The number of monolayers is correlated with the displacement of the reflection minimum. The observed values of the position of the minima as well as the shape of the reflection curve are in agreement with the calculated ones, using a refractive index of cadmium arachidate of 1.52 in agreement with other measurements.
Introduction
The Langmuir-Blodgett [1] method allows to deposit stepwise single layers of fatty acid of known thickness on a metal surface. Therefore we have used the ATR method (excitation of surface plasmons by light) to study the change of the resonance minimum as a function of the number of layers of cadmium arachidate on silver (gold) surfaces [2] . Earlier experiments have demonstrated that the ATR method is sensitive enough to detect very thin (<5 Ä) dielectric coatings [3] , [4] , Steiger has performed similar measurements with the ellipsometric method [5] .
Measuring Method and Preparation
Surface plasmon oscillations (SPO) can be excited at the boundary metal-air (metal-coating) using the experimental arrangement of Figure 1 . In the case of resonance the maximum of the electromagnetic field is located in the boundary and decreases on both sides exponentially.
An Ag (Au) film is deposited on a quartz slide and brought into optical contact with the base of a prism with the refractive index of 1.48. We measured the reflected p-polarized light intensity Rp versus angle of incidence 0. Excitation of surface plasmons is detected as a resonant minimum in the reflected light.
The Langmuir-Blodgett method as described by Kuhn and coworkers can be used to deposit various monolayers on solid substrate [6, 7] . A fatty acid in an organic solvent is spread on water containing Reprint requests to Gerhard Wähling, Institut für Angewandte Physik der Universität Hamburg, Jungiusstraße 11, D-2000 Hamburg 36.
30 X HU 4 mol CdCl2 at pH = 6.4. After evaporation of the solvent a surface pressure is applied to obtain a density packed monolayer. The appropriate pressure, 30 dyne/cm, is taken from compression isotherms. This monolayer can be transferred to a solid substrate by dipping the solid slowly through the monolayers into the water (see Figure 2 ). In the case of hydrophobic surface the monolayer is attached to it with the methyl end group of the fatty acid molecules. Therefore, the first monolayer has its carbon chain next to the metal film. On drawing the substrate slowly out of the water the second monolayer is transferred with its hydrophilic head onto the first one. Thus we get organized films with thicknesses in steps of two monolayer thicknesses. The silver (gold) films are 500 Ä thick films deposited by vaporization at a rate of 5 A/s on quartz slides. Five slides were covered with silver (gold) in one evaporation process. The cadmium-arachidate layers of different thicknesses are deposited on four substrates, whereas the optical properties of the fifth one is measured without being covered and serves as a reference substrate.
Results of Measurements with Silver Film
The cadmium arachidate monolayers are detected by the displacement of the minimum of the totally reflected light as is expected from earlier work. Since the thickness of one layer is known (26.8 A) and the number of layers can be chosen, the ATR method with its sensitivity can be applied to control the thickness of the monolayer and its Table 1 .
refractive index. The reflection as a function of angle of incidence 6 can be calculated by the relation -Rp= | ^210 J 2 (see [8] ). r2io is a function of the data of the multilayer system (quartz prism/ Ag/cadmium arachidate /air), thickness and dielectric functions of the layers, wavelength, polarization and of angle of incidence 6. Using the data of the Ag reference film, the known thickness of the cadmium arachidate films (ra x 26.8 Ä) and assuming that the organic coating is nonabsorbing we calculated the function (6) for various values of the refractive index of the film. Figure 3 shows the shift Ado with increasing number (ra) of monolayers. The circle represent the calculated displacement of the minima. The crosses are measured points. As Figure 3 shows the shift of the minimum follows the calculated curve rather well. The value of the refractive index comes out as 1.52 at best fitting.
It has been controlled whether the ATR method describes the shape of the minimum too. Therefore we have plotted the calculated reflection curve using the data of the Ag reference and of the organic films as determined above. Figure 4 displays the cases of two, four and fourteen monolayers on Ag. The first minimum represents the uncovered Ag film, whereas the second one the cadmium arachidate monolayers on Ag films. Calculated minima (full line) are compared to the measured curves (crosses). They show a fairly good agreement for a refractive index of n= 1.52.
In order to test the accuracy of the measurements we have derived the optical constants of several Ag films (uncovered substrates) from their reflection curves by fitting them to the Fresnel coefficient i?p. Table 1 shows the variations of the optical constants of the different films. Further we measured the position of the minimum of the reflection curve on different points of the substrate (Table 2) . Comparing the optical constants of Table 1 and 2, we see 
<7%.
These variations cause an error of the refractive index of cadmium arachidate of about 1%.
Results of Measurements with Gold Film
We have made the same experiments and analysis with Au substrates as described above for Ag-films. In Table 3 the angles of the minima do are gathered for different numbers of monolayers, the columns a, ß, y represent different measurements. The average shifting Ado is listed in the next column. If we use a refractive index of cadmium arachidate of 1.52, the difference of measured and calculated position of the reflection minimum is of the order of magnitude of experimental error (Table 3) . To control the shape of the minimum we <•5. data of the Au reference and of the organic film as determined above (see Table 3 ). For example we took substrate Au/X with 6 monolayers coating ( Figure 5 ). To know T the accuracy of the measurements we have derived the optical constants of several Au films (Table 4) and made tests on different points of one reference film ( Table 5 ). The variation of the optical properties cause an error of the refractive index of cadmium arachidate of 1%.
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